DOCUMENT RESUME

ED 416 222 ™ 028 074

AUTHOR Hood, Paul

TITLE Simulation As a Tool in Education Research and Dewvelopment.
A Technical Paper. EdTalk.

INSTITUTION Council for Educational Development and Research,
Washington, DC.; WestEd, San Francisco, CA.

SPONS AGENCY Department of Education, Washington, DC.

PUB DATE 1997-00-00

NOTE 93p.

CONTRACT RJ96006001; RJI96006101; RJIS6006301; RJII6006701; RJIIE0C6801;
RJ96006201

PUB TYPE Reports - Evaluative (142)

EDRS PRICE MF01/PC04 Plus Postage.

DESCRIPTORS *Computer Software; Educational Practices; *Educational

Research; Elementary Secondary Education; Game Theory;
Higher Education; Models; *Research and Development;
Research Methodology; Simulated Environment; *Simulation;
Teaching Methods; Training

ABSTRACT

This document introduces simulation as a field of endeavor
that has great potential for education research, development, and training.
Simulation allows education developers to explore, develop, and test new
educational programs and practices before communities, educators, and
students are asked to participate in them. Simulation technologies exist in
at least four major forms: (1) gaming, formalized play with rules players
follow; (2) role-playing, in which participants assume specific parts in
defined situations; (3) simulators, systems in which operators and machines
interact in ways that approximate real life; and (4) modeling,
experimentation with representations of a system. Some uses of these
approaches in education research are given. These applications include a
change game, in which change in a school district is presented as a game and
a role-playing simulation in program planning at WestEd. Another example is a
task simulation at the Far West Consortium for Educational Development,
Dissemination, and Evaluation. Simulation and its modern-day companion,
virtual reality, will play a major role in entertainment and science for the
foreseeable future. These new applications will be useful in education
research through constructing artificial prototypes, studying living systems,
and imitating how the brain works. Three appendixes provide two examples of
simulation in use in education research settings and a list of modeling
software vendors. Contains a 32-item annotated bkibliography. (Contains 1
figure and 23 references.) (SLD)

*********************************************************'k**********************

* Reproductions supplied by EDRS are the best that can be made *

* from the original document. *
**************************i‘************************************i‘****************




£D 416 222

As a Tool in Education Research and Development
ATechnical Paper
by Paul Hood

U.S. DEPARTMENT OF EDUCATION

Ofttice of Egucational Reseatch and Improvemant
EDUCATICNAL RESQURCES INFORMATION
CENTER (ERIC}

This document has been reproduced as

recewved from Ihe person of orgamizalion
ongmnating it

0 Minor changes have been made to
improve reproduction qualty

®  Points of view or opiions staled in this

o P
allicral OERI pasthion or policy

BEST COPY AVAILABLE

T4

T




661

PISIM Yim
Y2ie3saY pue Juswdo[aARQ [euolieInp3 Joj [13Un0)

nvidi

~T




B

EdTalkis published by the
Council for Educational Development and Research
2000 L Street, NW « Suite 601+ Washington, DC 20036
(202) 223-1593

Dena G. Stoner, Executive Director
Ullik Rouk, Editor
Jessica N. Kennedy, Layout Artist

This project has been funded at b ast in part with federal funds from the U.S.
Department of Education unde- contract numbers RI96006001, R]96006101,
RJ96006301, RI9G0067Gi, RI9G00GEOI, and RI96006901. The consent of shis
publication does not necessarily reflect the views or policies of the U.S. Department of
Education nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government,




Simulation: As a Tool for Education Research and Development
is published in conjunction with the foilowing
education R&D institutions:

Appalachia Educational Laboratory
P.O. Box 1348 * Charleston, West Virginia 25325 ¢ 304/347-0400

Mid-continent Regional Educational Laboratory
2550 South Parker Road, Suite 500 ¢ Aurora, Colorado 80014 * 303/337-0990

North Central Regional Educational Laboratory
1900 Spring Road, Suite 300 * Oak Brook, lllinsis 60521 + 630/571-4700

Pacific Resources for Education and Learning
828 Fort Street Mall, Suite 500 » Honolulu, Hawaii 96813 « 808/533-6000

SouthEastern Regional Vision for Education
P.O. Box 5367 * Greensboro, North Carolina 27412 ¢ 910/334-3211

Southwest Educational Development Laboratory
211 East Seventh Strect * Austin, Texas 78701 * 512/476-6861

WestEd
730 Harrison Street * San Francisco, California 94107 * 415/565-3000

B

BEST COPY AVAILABLE

w7




Table of Contents

| X TN RO OO SO OO PP PP OOU PSPPI TS PTPI TR 1
T TEOQUICLION wtrversesseesseesesseueasesesaesesesses basesesse s s eabest ekt ee e se e s e ee e s ae ek s eaeabe s A bsab e sae et e s sae s b e s e 3
Four Types of SIMUIATION ..o e 4
An Example: Simulation Generates Ideas for OERI Education Research Prioritics .ovveerenne. 6
GRAITLII oo sa s ea R8s 8
Gaming in Education, Training, ANA BUSINESS «oeeiieieerrereemremerenrsiressessnnrransbreneessasssranesineiesess 8
Benefits and Drawbacks of GAming ....cooviiiimiieniii e 9
An Example: The Change Game Simulates Change in Education Settings .......oovvuereivenene 11
ROJE-PIAYING 111 veerereeresocaensrses st es s 12
Benefits and Drawbacks of Role-Playing ..oceioieiniiiiicicinns 12
An Example: Role-Playing Simulation Readies Educatic [ ab for RED oo 14
GHITLULIRLOTS 1o eseoveeseeeeeeseeee st emeuetessevansae s eseaba s es st s sama b e b e R e b s e a £ R bR £ Sa SR 16
Benefits and Drawbacks of SIMUIATOTS ..ot e 16
Some Examples of SIMUIRIOLS ovvvuioieriniiiii s 17
Simulation’s ROle 10 ASSESSITIENL 1uviirereeeerieeeerrirteie s sreires et e s te et s 20
An Example: Simulation Validates Training ..o 22
IVIOAEIIE vttt 24
Kinds of Models........ e 25
Benefits and Drawbacks of Modeling ..o 26
Subficlds of MOdEling ....cewr irmmrisiriisirs 28
MOEling TOOLS .cvcorrvriiiis s 28
Ways of Modeling a Process Through Simulation ..o, 30
et USES OF STITULATIOIL 1eevreveite et tetereeessenres remteressns s b es s atas e besse s sts s et s e saas e b ss s sas s 33
JREFCTCIICES e e oeeeseerseeeses e eseee s e emeet e e aeeba e s e e e H et ea e et e e e e ae e e bbb e h e s 35
BIBTIOEAPRY eocreeearis s s 37

APPEIAICES (173 rieviseriis s 41




Preface

This publication introduces the scope of
simulation as a field of endeavor. We believe
that simulation holds great potential as a tool for
education research, development, and training.

The far-reaching and idiosyncratic problems of
education at the turn of this century demand
new research and development tools with which
to create innovative solutions. Although simula-
tion has been widely used by the military and in
business to explore and test new ideas, so far,
little use has been made of simulation in educa-
tion. Yet, the advantages of using simulation are
clear. It allows education developers to explore,
develop, and test new cducational programs and
practices before communities, educators, and
students are asked to participate in them. It
allows us to provide training to teachers and
other education professionals in a manner that is
more in-depth and true-to-life than traditional
training can ever be. Most important, simulation
is a tool that helps education developers confront
the perplexing reality of school reform.

‘The Council for Educational Development and
Rescarch (CEDaR) publishes the Ed7alk series 1o

promote dialogue about important topics in
education. We believe the potential of simula-
tion as a development strategy is one such topic.

This particular publication is a collaboration
between the Council and WestEd, one of its
member institutions, where Dr. Paul Hood has
explored some of the uses of simulation in
education R&D. The Council’s membership
consists of some of the foremost education
research and development organizations in the
country. Many of these institutions incorporate
the best educational research findings into
school programs and practices. No group of
institutions is more familiar with the history of
education R&D, and its triumphs and disap-
pointments. It has become clear to them that
traditional research tools are inadequate and that
there is an urgent nced for designing and testing
new techniques of development itself. By
publishing this overview of simulation, we hope
to provide R&D organizations and others with a
base of information with which to begin
exploring the use of this exciting and potentially
powerful tool for applying research knowledge in
education.
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business operation. This enables them to stage
the interplay of finance, personnel, R&D,
marketing, manufacturing, quality control,
distribution, customer services and other aspects
of an enterprise, sometimes including comperi-
tive, economic, political, social, regulatory, and
other aspects of the environment. The games are
dynamic and permit gamets to sce the immedi-
ate consequences of their decisions (which —
simulated in compressed time — miay reveal
consequences after days, months, or even years
of simulated time). A particularly attractive
feature is the fact that the games are not puni-
tive. Mistakes, errors of judgment, or bad
decisions do not result in actual loss. The games
are intrinsically motivating and usually create
high levels of participant involvement.

Hinrichs (1976, 855) identifies some of the
problems with business games:

1. “They often do not encourage or allow
normal approaches, but limit behavior to those
programmicd in the situation.” [Computer-
mediated business games have significantly
relaxed these earlier restrictions that were often
imposed in manual versions to make play
control more manageable.]

2. “Trainees may become too involved in the
game per se and neglect to critique the
effectiveness of their behavior.

3. “There is a tendency to ‘lock in’ to whatever
strategy proves effective in order to win the
game.

4. “There may be some questions of the degree
of realism of the gaming situation as well as the
degree to which the game situation is related to
the trainees at-home situation.

5. “Participation in the game may be costly,
P & y

particularly where extensive computer time is

entailed.” [Today, computer costs are rarely a

problem.]

R
b
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actually perform appropriate interventions,
such as starting IV lines with medications

(Goodlad, 1995).

Simulation’s Role in Assessment

Performance assessment simulations go back to
officer assessment situational tests used in the
Prussian Army prior to World War [. Perfor-
mance assessment centers in the United States
can be traced to psychological assessment centers
operated by the Office of Strategic Services
(OSS) Assessment Staff (1948) during World
War II to assess the fitness of OSS candidates to
operate under stress in enemy territory. Shortly
following the end of that war, The Assessment of
Men detailed the OSS’ development and
employment of this technique.

Leader reaction tests. This form of assessment
traces back to the pre-World War I Prussian
Army tests mentioned eatlier. It represents a
specialized type of job sample test. Unlike most
other job sample testing, leader reacrion tests
usually require a small group of persons who are
placed in a situation, often with various kinds of
physical props, to solve a problem posed to them
(e.g., bridging a small stream, removing a barrier
from a road, dealing with a simulated medical
emergency). In some cases, the assessee is placed
in charge of the group and the other members

are instructed to follow his or her directions (see
discussion of role-playing earlier in this paper).
In a variant, the leaderless reaction test, no one is
designated as the leader. Participants may be
evaluated on their interactions and leadership or
cooperative behavior as the group confronts the
task. The U.S. military services have employed
these situational reaction tests in commissioned
and noncommissioned officer training and
assessment since the 1950s. In civilian situations,
the tests are sometimes part of the industrial
assessment centers test batteries. Typically,
trained raters employ a number of behavioral
rating scales to rate various dimensions of these
simulated task.

In-baskets. The In-basket exercise was
introduced in the early 1950s by Norman
Erederiksen (1957). The In-basket is a special-
ized form of assessment simulation that is a cross
between a case study and a game. The subject
works through a collection of typical messages
and correspondence and responds to the prob-
lems raised by writing brief notations or
messages in a manner thar is assumed to model
the kind of behavior needed in a real-life
situation. In-basket assessment has been used
extensively in business school settings and for
some personnel selection purposes. Using special
in-basket tests designed to reflect in-baskets that
school principals might confront, Educational




Testing Service researchers demonstrated that the
decisionmaking styles of experienced male and
female principals were markedly different, and
that these tests had value both for training and
assessing school administrator performance.

Assessment centers. In 1956, Douglas Bray,
following the OSS model, established a
managerial assessment center for the American
Telephone & Telegraph Company. The center
became well known in industrial psychology
because Bray (1964a) conducted long-term
follow-up studies of AT&T hires. Subsequent
uses of the assessment center approach included
selection of first-level foremen and higher-level
management in some of the Bell companies
(Bray, 1964b). During the early 1960s Srandard
Oil of Ohio, IBM, Sears, General Electric, and
].C. Penny established similar assessment centers

(Finkle, 1976).

By the 1970s, over a thousand organizations
employed the assessment center approach.

The approach was characterized by: (1) fixed-size
groups of assessees (e.g., 12 persons); (2) mul-
tiple methods of assessment (including objective
tests, projective tests, situational exercises,
in-basket problems, questionnaires, interviews,
group problem discussions, and peer ratings);
and (3) high face validity of its assessment
instruments, an impressive body of validation

studies, and wide adoption. Most assessment
programs gave assessees in-depth feedback about
the evaluation of their performance, which
served to increase the favorable reaction to them
(Finkle, 1976). Assessment centers were adapted
and used extensively by the University Council
for Educational Administration and the
National Association of Secondary School
Principals (Pantili, et al., 1991).

Business simulation assessment. Obviously,
many of the business simulations discussed
above may used for assessment purposes similar
to the situational reaction tests described
immediately above.

Job sample simulation tests. These tests rest on
the premise that “the best predictor of future
performance is past performance.” They are
grounded in careful analysis of the critical
performance requirements of job tasks and the
construction of simulated work sample tasks
that will elicit behavior relevant to those
performance capabilities. An illustration of this
approach is discussed below as part of the
DD&E Assessment Simulation.
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system constantly revises and rearranges its
building blocks as it gains experience with its
environment. Each system typically has many
niches which are exploited by agents adapted to
fill them. The result is a system characterized by
perpetual novelty. Systems evolve toward opti-
mum states which are dynamic rather than
static. A complex adaptive system evolves
through self-organization toward “the edge of
chaos” where it maintains its identicy while
dynamically changing to remain at a far-from-
equilibrium state, neither falling into a stable
nonadaptive equilibrium nor into chaotic
behavior.

Neural computing. Operating on a similar
principle, neural computing imitates the
structure and operation of the human brain.
Central to this approach is a device known as a
neural network, which is made up of a very large
number of simple processing units connected
together into a complex net-like structure. While
conventional computing requires someone to
work out a step-by-step solution and then
program the steps into a computer, a neural
network can be “trained” to solve many kinds of
problems. Thus, a neural network effectively
programs itself. Training a neural network
involves presenting the network with a series of
examples of a problem and the desired solution
in each case. Given enough training material, the

neural network is able to learn the underlying
principles involved in the solution, which it can
then use to tackle other similar problems. Al-
though the original idea dates back to the 1940s,
it was not until the 1980s that computer
hardware and software techniques capable of
implementing neusal computers becare
generally available. Users of IBM PC com-
patibles and workstations have a wide choice of
software products. Apple Macintosh users have a
more resiricted choice, but still have access to
some powerful tools (NeuroBook, 1996).
Examples of applications in modeling, predic-
tion, and control include identification of
general linear and nonlinear processes;
forecasting river levels, stock market prices,
currency exchange rates; and controlling of
time-delayed industrial processes.
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APPENDIX 1.
THE SCHOOL GUIBANCE COUNSELOR:
A DISCRETE EVENT WORKFLOW SIMULATION

The tenlephone calls (from parents) process takes pre cedence over the student guidance
nt proc ess, causing the student guidance processto shutdown whenevera call comesin.
This resultsin fewer student being counseled. Results at the end of the day shown below.

q Guidance Sewices model: Shows what happens when two processes are not independent.
1]

Process 1: Student Counseling Problems

-

7 27 studentscounseied
inte muption rather

32 without

Stud. Done (5 stydents stil} waiting
in the queue.)

(XS]

Student Th_fs connection "reads’ phone
time: averages12

§ RET #
ﬁ % @ D 16 calls
1 AP \ P S A1-3
non Rl
fis In Calls Wait Measure Resolve CallsDone

Phone call
time: variable, 8 to 20

2% BEST COPY AVAILABL




‘s|eo juared

01 sonuoud dnuaur Jo sjeas] warsylp Sutudisse £q 10 ‘Sjuspnis pue s[[eo Joj satun Indut usyo) oY)

Suikyrpow Aq ‘syuapnis 10} pue s[[es Joy sawr) Jurssasord ay s3uryd 0) S101L10UT WOPURI 0M) 2] JO
sonadoad ronsneis ay1 SuiSueyo £q <3-9 ‘skea Jo IaquInu v Ul [apow Si Sje|ndiuew ued uQ

‘ure§e uoneInuIrs 9yl Suruuny usy) pue ‘(£ 010[9p oY1 11§ pue Jul[ uldSUU0D A}

1o Y2112 180f) 7 0001 UL J0[q 2INSEIIA] 3] PUE | $SO001J LT HO0[( SA[0SIY Y} Usa.M19q TONIAUUOD

aurp  Jreo suoyd,, a1 Jutaowar £q Ajduns paysijdwoooe st [spows iy} Jo uoije[nuwig “(s9ynuny

1 K10A9 2U0) SJuapnIs Z¢ [18 $52001d 0) 9[qE 9q sKBmIe A[IEaU PInoMm JOJ3SUNOd i (S[]e0 suoyda[a)
juared oy ofpuey 0} asfo suoswos Fuiuisse £q se yons) sassaooid om) ayy Suneredss Ag

‘suonR[nWIS Jo 1aquuinu ofre[ e 103 95eI0AR 9U) UBY) Suniem 1J9[ Syuapns

JO J2qUINU 9Y) JO SWIS} UI 19}9 901 € ST uonenuils pajordep oy ‘sny ] “Aep i) Jo pua 3y 18 onanb

Y1 UT 139 9q [[IM STUapnIs / pue passoooid aq [[1m siuapnis ¢g Jo ofeioae ue Jeyl pue ‘Aep sy Jo pua

ay) 1e onanb sy) ur Supiem (IS IE SHISPNIS JO STOQUINU JUISFIIP pue passasold are Juapnys jo s1dquinu

JUSISJJIP TRY) JEXSUOWSP SUOIR[NUIS pajeadal “1oAdMOH “I0fasunod auy) 1oy sidassjur Ayrond 9jeord
Aap aours passaooxd aq [[im (Inoy J[ey A1oas auo) s[[eo  siuared g jje uonenus ofdwis siyl uf

'Kep 21 JO pud
ay) je ananb ay) ur Junrem [Is 219m SJUDPNRIS IATJ TIAIMOH "PIISUNOD 213 SIUAPNIS /7 PUB PI[pury
Arom s[eo yuared 91 18} 9JIIPUL UOTIR[NWIS SIY) JOJ ABP 9] JC PUD I} T UMOUS SJ[NSaT oY,

‘payeyduwod st [jed jualed & [nun ‘| $$9001J Ul
3}00[q 2A[0S9Y U Sapnis Jo Surssaooid Joresunod ayy sydnusiur Jeys snyels Lyronid v gim (180 oy s3el
18] J00[q SINSBIA B ST 2I3Y) MO]J JIOM ST} UL ‘I0AIMOY "Passaooid AIe[rurs ae pur “Inoy jey AIoad
90UO UT SWOD §{[80 Y, ("SOINUIWI (7 ‘9% (] PUR SANUIW /] ‘907 ‘SANUIW 7] ‘9507 *$IIMUTW § ‘90G)
sowm) Surssadoud [[Bo 9jqeiIes SUSISSE J018I0UST WOpURI 84 ‘SIUaTR WO S[[e)) AUy 17 Ssad0Id
u] “(passoooxd sjuapnis Jo Joquinu 3t J6 Junod Suuuns e sapraoid yargm) y00[q auo( "pms§ a4}
01 SIAOWT JUSPNIS A *YSnoIy) uayAy “SUI[osunod I0J }20[q (I0[ASUN0D) 9A[0SAY Y1 03 $pasd0xd uay}
QUIT UI JUSPNJS 1X3U SY [, ‘ASNq JOU ST IO[ASUN0D ) [HUN Jlem A3) 21aym ananb ey "pmig € 01 pasoord
SIUSpMS "IOIBISUag Wwopuel oyl Aq paros[es awn SuIsseoold B U1im SAINUT G ATOAS 30UOC UIMO)
.Juapmis,,  saonpoid 3o0[q uj "pig UL, ‘(SIINUI Z JO HONBIASD PIEpUTIS PUE SajnUIW 7] JO Ugaw
Uil UOTINQINISIP [BULIOU B) SUIT) UoTINjosal Urajqold juspnis e sudisse J0jesousd Wopuer B ‘swia[qoid
Surjesuno)) 1WspnIS 1 $$92014 U] S9s52001d [3[jeed om) are 219 ], "UONE[NWIS JO (SAINUILI (8f)

Aep QU0 JO PUS oY) 18 SI[NS2I Y} SMOYS (PLIIXT UI PIINIIXI) [9pOL MOII0M Sfduis SIY [,

47




"SUNI [9pOnI IN0A se

Joayspualds [ooxq ue ojepdn pue , yuif 9ai],, & 3)eld 10 ‘sayspraids 01 e1sed pue D ‘s3[1y eIep Moduw

ues NoA *pual.g Yum ‘sway o3 Suond e 198 Jo ‘Japotu wnok u urod Aue je pajeoal aq urd yoiya
(1502 10 *10[02 *ad£) ped se yons) sanque Sutugisse £q [opowl inoA uf SWIAN 3OrN) ULd NoX

‘sjuauodiuod japow Jo SILILIQI] WOISNO UMO FID] 2JE2ID UBD SIOSN ‘PIALS 3G UED [IA9] Aue e

SN 20UIS 'PIPIDU 3q AR SE S[OAD] AU $B JOJ U0 0S pU ‘[3A3] PIYI € 10§ Siiun SuI[apOU Mau 9120

0} UrEde PauIquInd UL put ‘Jaif1a0] Palodutod aq ued SHULOduod 1981e] 33y} {[2POUI [EdIYDIEISY

v Ul [9A9] JoySy 3xou Y3 12 SUO 0T PAUIQUIOD 3¢ UBD (UOITE[NLULS JO[3SUNOT) SJULPINL) [00UDS

oy, ur syuared wodj sjjed suoyd ay3 10 swojqord Surjasunod JudpnIs ay) s Yons) sassaooid *odwexa

10 PUIXT Uil SYWIT] OU A[{ROIA 2J JISYY) SOULS JUBAL s SE SFIE[ SE [9POW © p[INg Ued noA

Jeu) sueou ainjea) AyoreIary adijnw sy, ~1031p3 Sofetp pue sZenguey gunduos ut-jing s, puaixg dursn

){Inq aq ued $YO0[q WoISNd ‘10 "103pa uonenbs ue Suisn £q 10 (dn-wonog 10 umop-doy Joya piing)
AyoIe1on YSnoIy) SUo 03UT $YO0[q [EIIAIS JO UOHDIUN] ) AUIUIOD UED NOK ‘Sid31Jd WOISNI S0

"039 “8udy

ananb “400[q 2y Suraea] JO SULINUD SWISY JO JAQUINY ‘A)l UOITRZI[IIN 3I] UCHEBULIOJUT UONEINULS

1im nok apraoid ospe saxoq Jofer xoq o[ryJ 2y Ut suoRnq SUROID JC sTqUINU Ul guidAy £q 1snl

(09 ‘[enusuodxgradA} ‘[eunioNS07T JUBISUOD [[NQIapA ‘WIoJIUN ‘uepry ‘re[nguely) ‘UOSSIO] ‘fetuIou

‘enusuodxa) UOHNIISIP € 193]S 10 ‘YIBUd] 9NdND WnWIKeW € Ysijqeis? ‘swn Aepap sy 108 ‘ojdwiexa

10,1 *(uoo1 ¥20[q SuIp[Ing Y3 U0 010 AqNOp NoA uaym suado Yo m) xoq SofeIp $,3001q Yoes olut
srajoureled 101ud 07 pasu Ajaisw noA ‘Aitjeuonouny pautyap-aid e sey 3}20[q pualxy Yyoes dUIS

‘uns 03 Apeas

$1 [opoll 3y} pue ‘saxoq Sofeip oy ur siowered sendoidde 1as ‘asnowr Ay [Im WY JOUUOd UYL,

‘(do1p pue Seip Ajereur) nuawl ATRIQ[ AU WOK} Wy} SUNOS[as £q J09UsIom [opou oA uo $¥OOJq

o1103ds ss9001d 9say3 soe[d no g “Areiqiy 1waAY S10J0SI(Y Y} UF PUNOJ 3G YLD S[OPOW JURAI 312IOSIP

ur pasn A[UOUIIOS $001q o' ‘uotjouny o} Surp1oooe satrelqr| ojut padnold are a[durexs uoIR| NS
JO[2SUNC]) 2OUBPING [00YDS YL Ul Pojordap sauo se yons) s300[q SuIpimnq [9pow s pudixy

‘[opow (8301a10g Hoddng)
ANIASId NS UOnRISUOWSp §, pulxH JO Longidepe 101IP € ST [9POUI 10[aSUN0,) S0UEPIND [0OYIS SIYL
“U9N0} DB JO [BALLIE 3U} )T PAJUSWIAIOUT 318 SIOQUINU 353U} ‘UONBIIIUE U] "SYO0[q 3UO(] 943 apisut
U03s 218 SIOQIUNG JUNOD [eUT] Ay, '$300[q Surssaooad 2y Sunoouuod saulf 91} 03 3xeu sarenbs fews ay)
SPISUI S9[0I[0 UARI3 Se uonewue a1y ut jeadde suayo} Ay L, sAe(dstp unod doys vonenuus pue pasders
Sy oY) 10 ‘SYI0[q U0 U3 UI PUE SYO0[q e 2] U SUSYO0] 10] SIUn0d Suidueyd Ju) Iomau 3y
ySnoJy 1Xau Y O} JOO]q QU0 WOIJ 2A0W £3Y) Sk SUIO] [[BD PUB SUNOT TUIPMIS SY3 JO JUSWIAOWI 313
UOTBILIUR MO[S 10 158) Ul AB[GSIP 01 pusixy JO AIN[IGe AY) ST AINZ1J AU U UMOYS 9q JOUUED JBYM




44

Results of running your simulation are provided in numerous forms. You may use blocks
from Extend’s Plotter library to produce tables and plots of simulation results. You can choose from a
variety of plots: bar, histogram, worm, strip, scatter, multiple run, and more. For in-depth analysis and
presentation, you can develop custom reports of model data. Simvlation results and important statistics
can be “cloned” to a Notebook (Control Panel interface) and comoined with your own text and
graphics to provide a unique and accessible interface to your model. To investigate how a parameter
change impacts the pattern of behavior for the entire model, you can use Extend’s sensitivity analysis
feature to sensitize specific parameters. Other Extend features include animation (both built-in and
custom), interruptible processes, full connectivity with the outside world (spreadsheets, databases, /O
boards, etc.), plus interactive model execution.
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The systems dynamic model involves five interrelated difference equations. Symbolically these are
depicted in the following diagram as involving valved changes in rates of flows into (or out of) five
reservoirs, thus affecting the levels in those reservoirs, labeled in the diagram below as: Knowledge,
Employee desire for teams, Team Maturity, Team Success, and Supervisor Support of Teams. The
levels in those reservoirs generate signals for control circuits that connect through various converters
(the circles) to valves that affect the flows for other reServoirs.

deMoville’s model involves three manipulable variables: (a) level of supervisor support, (b) initial
level of team success, and (¢) amount of team training offered, [see the three levers and their seitings

above any of the attached graphs], as well as the number of problems (created by a random generator)
that may occur during the process of work.

In addition, deMoville set a measure he called team success (the sum total of the team’s ability to
overcome problems). He also set up a state he called the desire factor (desire for teams). This state is
increased or decreased by a flow called change in desire which in turn is the result of the team’s level
of understanding of the team process (as a function the level of knowledge generated through the rate
of training offered) combined with the level of supervisor suppozt and the level of problems
encountered. The level of desire for teams (created by the change in desire flow) then influences the
team’s growth rate which in turn determines the team’s maturity level. This team maturity level is
combined with the problems encountered 0 determine the changes in team success. The level of team
success (and the three-month trend line of the rate of the team’s success) directly influences, positively
or negatively, the rate of change in supervisor support. (And the level of supervisor support, in turn,
acts as a feedback to influence, positively or negatively, the rate of change in desire for teams.)
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maximum support, the other simulation results are dramatically different. The Maturity Factor (4)
reaches its maximum early in the third year. After a miid downturn in the first and second year, Team
Success (3) turns upward and continues to show improvement in performance throughout the
remainder of the simulation. Supervisor Support, starting at 100, dips almost imperceptibly and then
trends upward toward 200.

For the next three simulations I set Supervisor Support at 50 (exactly halfway between the extremes of
zero and 100 in the previous simulations), but inicreased Training Offered to 0.3. (And the initial level
of Team Success remains at plus 5.) With these modest levels of 1raining and support, we see in the
next graph that both the Maturity Factor (4) and Understanding (5) reach maximuim values at almost
identical times toward the end of the third year. Team Success (3) initially trends downward until the
middle of the third year and then trends upward, improving through the remainder of the simulation.
While starting at plus 5 and indicating negative values (as low as minus 5) in the second and third
years, Team Success ends the simulation at a value of 41, more than eight times its starting point.

To summarize, with these modest but perhaps realistic levels of support and training, it took the team
almost three years to master understanding of team work and reach full team maturity. Knowledge
rose rapidly in the first year and then trended upward through the second and third year to achieve it
maximum value late in the third year. The Maturity Factor took a sharp drop in the first year, and then
rose precipitously throughout the second and third year until it too reached its maximum value.
Although motivation (the desire factor) continued to climb, the objective measure of Team Success
slipped slightly downward until the middle of the third year and actually assumed small negative
values throughout almost all of the second and third year. However, from the turn-around in the third
year, the team training effort continues to pay off throughout the remaining years.
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Given this “base line” simulation graphed immediately above, I next modified the simulation slightly
to introduce the effect of a powerful annual accountability report that either was NOT aligned or was
aligned with the goals of the team. (Think of the report as a system-level report or perhaps a student

testing report, uot a team performance report, that might or might not be aligned with the aims of the
team.)

My “accountability report” modification simulates the effect of an annual report, published in the eighth month
of each simulation year, that is added as an annual pulse to the team’s problem input. If aligned, it acts as a
powerful problem reducer during the week the report is published. If NOT aligned, it substantially multiplies the
particular level of the problem faced by the team during the week the report is published. The “report” pulse
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Given the powerful positive effect of the annual report in the above “aligned” graph, Team Success (3)
and Supervisor Support (1) dip only slightly downward in the first two years and then both climb
higher throughout the remaining six years. Neither measure is ever negative in value.

Note these last three simulations use exactly identical starting values for all system factors (levels and
flow rate settings). Note that Supervisor Support of Teams remains set at 50, (initial) Team Success at
5, and Training Offered at 0.3.

The only difference between the last two simulations is in the Problems generator in just one sign (+)
or (-) in the formula for the annual pulse generator that simulates the publication of the report in the
eighth month of each year.

In both simulations, Understanding (5) (of team work) reaches a maximum value late in the third year
at identical times. However, the maximum value for the team Maturity Factor (4) is delayed by almost
two years in the NOT aligned simulation when compared to the aligned simulation.

These two simulations are undoubtedly extreme situations. In both, we have assumed that the
accountability report would have a very powerful effect on the team and the supervisor. (Please note
that the factors operating within this team training simulation have no effect on the input value of the
“accountability report.” It acts as an exogenous input pulse [that is amplified by a random generator].
Note the differences in the magnitude of the “jolts” in the curves, which are particularly easy to see in
the Desire Factor (2) curve.) Because the annual effects are cumulative, two very different sets of
simulations are created. Although these last two simulations are extreme cases, I believe that they
make a compelling case for the need for alignment between external performance indicators and team
success.

As a final note, excluding the changes I made in the formula for the Problems generator, simply
changing the settings for the three controls seen directly above each graph in this simulation model
enables the user to run as many as 23,331 different combinations of initial settings for this team
training simulation. Moreover, since the Problems generator includes a random generator, repeated
simulation runs at any particular combination of settings for the three controls will not produce cxactly
identical results (although the differences are usually very small).

However, through systematic experimentation, one may quickly learn that changes in the Team
Success variable act mainly to raise or lower the clevation of the Team Success curve but do little to
change its shape. Changes in the settings of Training Offered act mainly to advance or retard the slope
of the Understanding curve and the date at which it reaches its maximum value (if that date is
contained within the duration of the length of the simulation). The really powerful “leverage point™ in
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forms that can be incorporated in reports. Process charter uses a familiar spreadsheet metaphor for adding resources,
viewing activities, assigning resources to activities, and generating reports. Extensive options and deep dialog boxes
provide capabilities to create sophisticated simulation models, including in-depth cost and resource analyses for
business applications.

STELLA (see ithink listing above, pricing is identical)

Vensim

Vensim Standard ($493) Vensim DDS ($1,995)

Vensim Professional ($1,193) Vensim Runtime ($495)

Vensim Personal Learning Edition (PLE) is free for academic use.

In support of education and basic research, Ventana provides educational discounts for other configurations.
Ventana Systems, Inc., 149 Waverley Street, Belmont, MA 02178. Phone: 617-489-5249

Vensim is an integrated simulation framework for conceptualizing, building, simulating, analyzing, optimizing, and
deploying models of complext dynamic systems. It is available for PC and Macintosh. The standard version allows
users to create, articulate and simulate models. The professional version adds advanced modeiing capabilities and
enables optimization of mode! performance. The DSS version increases model capacity and provides tools for
building decision support systems and learning simulators. The PLE is free for academic use, and is designed for
beginning systems dynamics models. In the PLE, all menus and dialogs have been simplified; most option settings
have been removed; it has a fixed toolset; the number of model building tools has been reduced; and a limited number
of functions are supported.
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